The ionizing fluxes from quasars and other active galactic nuclei (AGN) are critical for interpreting their emission-line spectra and for photoionizing and heating the intergalactic medium (IGM). Using far-ultraviolet spectra from the Cosmic Origins Spectrograph (COS) on the Hubble Space Telescope (HST), we directly measure the rest-frame ionizing continua and emission lines for 159 AGN at redshifts 0.001 < z AGN < 1.476 and construct a composite spectrum from 475-1875Å. We identify the underlying AGN continuum and strong EUV emission lines from ions of oxygen, neon, and nitrogen after masking out absorption lines from the H I Lyα forest, 7 Lyman-limit systems (N HI ≥ 10 17.2 cm −2 ) and 214 partial Lyman-limit systems (15.0 < log N HI < 17.2). The 159 AGN exhibit a wide range of FUV/EUV spectral shapes, F ν ∝ ν αν typically with −2 ≤ α ν ≤ 0 and no discernible continuum edges at 912Å (H I) or 504Å (He I). The composite rest-frame continuum shows a gradual break at λ br ≈ 1000Å, with mean spectral index α ν = −0.83 ± 0.09 in the FUV (1200-2000Å) steepening to α ν = −1.41±0.15 in the EUV (500-1000Å). We discuss the implications of the UV flux turnovers and lack of continuum edges for the structure of accretion disks, AGN mass inflow rates, and luminosities relative to Eddington values.
INTRODUCTION
The far ultraviolet (FUV) and extreme ultraviolet (EUV) continua of active galactic nuclei (AGN) are thought to form in the black hole accretion disk (Krolik 1999; Koratkar & Blaes 1999) , but their ionizing photons can influence physical conditions in the broad emission-line region of the AGN as well as the surrounding interstellar and intergalactic gas. The metagalactic background from galaxies and AGN is also an important parameter in cosmological simulations, as a dominant source of ionizing radiation, critical for interpreting broad emission-line spectra of AGN, intergalactic metalline absorbers, and fluctuations in the ratio of the Lyα absorbers of H I and He II. Since the deployment of the first space-borne ultraviolet (UV) spectrographs, astronomers have combined spectral observations of AGN into composite spectra. These composites constrain the intensity and shape of the AGN component of the ionizing photon background. The most direct probe of the FUV and EUV continua in the AGN rest frame comes from observations taken by instruments such as the International Ultraviolet Explorer (IUE) and a series of UV spectrographs aboard the Hubble Space Telescope (HST): the Goddard High Resolution Spectrograph (GHRS), the Faint Object Spectrograph (FOS), the Space Telescope Imaging Spectrograph (STIS), and the Cosmic Origins Spectrograph (COS). Ultraviolet spectra were also obtained by the Far Ultraviolet Spectroscopic Explorer (FUSE). For AGN at modest redshifts, all of these instruments provide access to the rest-frame Lyman continuum (LyC, λ < 912Å), and at z < 1.5 they avoid strong contamination from the Lyα-forest absorbers in the spectra of high-redshift AGN. Thus, obtaining access to high-S/N, moderate-resolution UV spectra is crucial for finding a reliable underlying continuum. This is our second paper, following a AGN composite spectrum presented in Paper I (Shull et al. 2012 ) based on initial results from COS spectra of 22 AGN at redshifts 0 < z < 1.4. We analyzed their rest-frame FUV and EUV spectra, taken with the G130M and G160M gratings, whose resolving power R = λ/∆λ ≈ 18, 000 (17 km s −1 velocity resolution) allows us to distinguish line blanketing from narrow interstellar and intergalactic absorption lines. Here, in Paper II, we enlarge our composite spectrum from 22 to 159 AGN, confirm the validity of our early results, and explore possible variations of the EUV spectral index with AGN type and luminosity. Both studies were enabled by high-quality, moderate-resolution spectra taken with the Cosmic Origins Spectrograph installed on HST during the May 2009 servicing mission. The COS instrument (Green et al. 2012 ) was designed explicitly for point-source spectroscopy of faint targets, particularly quasars and other AGN used as background sources for absorption-line studies of the intergalactic medium (IGM), circumgalactic medium (CGM), and interstellar medium (ISM). Our survey is based on high-quality spectra of the numerous AGN used in these projects.
Our expanded survey of 159 AGN finds a composite spectral energy distribution (SED) with frequency index α ν = −1.41 ± 0.15 in the rest-frame EUV. This confirms the results of Paper I, where we found α ν = −1.41 ± 0.21. We adopt the convention in which rest-frame flux distributions are fitted to power laws in wavelength, F λ ∝ λ α λ , and converted to F ν ∝ ν αν in frequency with α ν = −(2 + α λ ). We caution that these spectral indices are local measures of the slope over a small range in wavelength, ∆λ/λ ≈ 0.45. Because of curvature of the AGN spectral distributions, local slopes can be misleading, when compared to different wavelength bands and to objects at different redshift. We return to this issue in Section 3.3 where we discuss possible correlations of indices α λ with AGN type, redshift, and luminosity and compare indices measured by both HST/COS and FUSE.
The COS composite spectrum is somewhat harder than that in earlier HST/FOS and STIS observations (Telfer et al. 2002) who fitted the continuum (500-1200Å) with α ν = −1.76 ± 0.12 for 184 QSOs at z > 0.33. Their sample of 39 radio-quiet AGN had α ν = −1.57 ± 0.17. Our fit differs considerably from the FUSE survey of 85 AGN at z ≤ 0.67 (Scott et al. 2004 ) who found a harder composite spectrum with α ν = −0.56
+0.38
−0.28 . The different indices could arise in part from the small numbers of targets observed in the rest-frame EUV. Even in the current sample, only 10 or fewer AGN observations cover the spectral range 450Å λ 600Å. Another important difference in methodology is our placement of the EUV continuum relative to strong emission lines such as Ne VIII (770, 780Å), Ne V (570Å), O II (834Å), O III (833, 702Å), O IV (788, 554Å), O V (630Å), and O VI (1032, 1038Å). Identifying and fitting these emission lines requires high S/N spectra. A complete list of lines appears in Table 4 of Paper I. We also use the higher spectral resolution of the COS (G130M and G160M) gratings to distinguish the line-blanketing by narrow absorption lines from the Lyα forest. Increasingly important at higher redshifts, we need to identify and correct for absorption from Lyman-limit systems (LLS) with N HI > ∼ 10 17.2 cm −2 and partial Lyman-limit systems (pLLS) with N HI = 10 15 − 10 17.2 cm −2 . The historical boundary at 10 17.2 cm −2 occurs where the photoelectric optical depth τ HI = 1 at the 912Å Lyman edge.
In Paper I, our 22 AGN ranged in redshift from z = 0.026 to z = 1.44, but included only four targets at sufficient redshift to probe the rest-frame continuum below 550Å. Our new survey contains 159 AGN out to z = 1.476 with 16 targets at z > 0.90, sufficient to probe below 600Å by observing with G130M down to 1135 A. In all AGN spectra, we identify the prominent broad emission lines and line-free portions of the spectrum and fit the underlying continua, excluding interstellar and intergalactic absorption lines. In Section 2 we describe the COS data reduction and our new techniques for restoring the continua with a fitting method that corrects for the effects of absorption from the IGM and ISM. In Section 3 we describe our results on the FUV and EUV spectral indices in both individual and composite spectra. Section 4 presents our conclusions and their implications.
OBSERVATIONS OF ULTRAVIOLET SPECTRA OF AGN
2.1. Sample Description Table 1 lists the relevant COS observational parameters of our 159 AGN targets, which include AGN type and redshift (z AGN ), from NED 3 , continuum index (α λ ), fitted rest-frame flux normalization at 1100Å, observed flux F λ at 1300Å, and S/N ratios. We also provide power-law fits to their HST/COS spectra (see Section 2.2) and their monochromatic luminosities, λL λ , at 1100Å, given by
(1) We converted flux, F λ (in erg cm
, computed for a flat ΛCDM universe with H 0 = 70 km s −1 Mpc −1 and density parameters Ω m = 0.275 and Ω Λ = 0.725 (Komatsu et al. 2011 ).
The redshift distribution of the sample is shown in Figure 1 , and the target distribution in accessible rest-frame wavelength in Figure 2 . Our sample consists only of those AGN observed with both the G130M (1135-1460Å) and G160M (1390-1795Å) COS gratings, providing the broad wavelength coverage at 17 km s −1 resolution needed for our study of the continuum, emission lines, and absorption line blanketing. The COS instrument and data acquisition are described by Osterman et al. (2011) and Green et al. (2012) . We retrieved all COS AGN spectra publicly available as of 2013 April 25, but excluded spectra with low signal-to-noise per pixel (S/N < 1) and all BL Lac objects, which are over-represented in the COS archives. We also excluded three targets with abnormal spectra that would complicate the analysis: SDSSJ004222.29-103743.8, which exhibits broad absorption lines; SDSSJ135726.27+043541.4, which features a pLLS longward of the COS waveband; and UGCA 166, which Gil de Paz & Madore (2005) classify as a blue compact dwarf galaxy. This leaves 159 AGN for analysis.
Data Acquisition and Processing
We follow the same procedure as in Paper I for obtaining, reducing, and processing the data. Below, we briefly summarize the procedure and explicitly note improvements or deviations from earlier methods. Many of these techniques of coaddition and continuum fitting were also discussed in our IGM survey (Danforth et al. 2014) . Of particular interest in this paper are new techniques for identifying LLS and pLLS absorbers, measuring their H I column densities, and using that information to correct the continuum. Our analysis proceeds through the following steps: Figure 5 ) as a function of AGN rest-frame wavelength. Note the rapid decline in targets that probe short wavelengths, with ten or fewer AGN probing λ ≤ 600Å.
1. Retrieve exposures. The CALCOS calibrated exposures were downloaded from the Mikulski Archive for Space Telescopes (MAST) and then aligned and co-added using IDL procedures developed by the COS GTO team 4 . Typical wavelength shifts were a resolution element (∼0.1Å) or less, and the co-added flux in each pixel was calculated as the exposure-weighed mean of the flux in aligned exposures.
2. Fit spline functions to spectra. The raw data contain narrow absorption features that should be excluded from the AGN composite spectrum. Identifying and masking each of these features by hand in all of our spectra would be extremely tedious. For this reason, we utilize a semi-automated routine that removes narrow absorption features and fits the remaining data with a piecewise-continuous function composed of spline functions and Legendre polynomial functions. This spline-fitting process involves first splitting the spectra into 5-10Å segments and calculating the average S/N per pixel (flux/error) in each segment. Pixels with S/N less 4 IDL routines available at http://casa.colorado.edu/~danforth/science/cos/costools than 1.5 σ below their segment S/N are rejected from the fitting process to exclude absorption features and regions of increased noise. This process is repeated iteratively until there is little change between iterations. The median flux values in the segments are then fitted with a spline function. We manually inspect the fits and adjust the identification of rejected regions as necessary. Smoothly varying data are well described by this spline-only method. Near broad emission and other cusp-like features, short segments of piecewise-continuous Legendre polynomials are preferred. More details on the process are given in our IGM survey paper (Danforth et al. 2014 ).
3. Deredden spectra. We correct the fine-grained data and their corresponding spline fits for Galactic reddening, using the empirical mean extinction curve of Fitzpatrick (1999) with a ratio of total-toselective extinction R V = A V /E(B − V ) = 3.1 and color excesses E(B − V ) from NED. In this paper we use values of E(B − V ) based on dust mapping by Schlegel et al. (1998) with a 14% recalibration by Schlafly & Finkbeiner (2011) . We do not correct for reddening intrinsic to the AGN, although we do not think this could be a substantial effect. We can probably rule out a large amount of dust (see discussion in Section 3.2).
4. Identify pLLS and LLS absorption. In Paper I, we identified pLLS absorption by inspecting the spectra for flux decrements or Lyman breaks. For this paper we employ a custom computer script that scans each spectrum for correlated downpixels at the locations of higher-order Lyman lines of pLLS and LLS absorbers. First, the script divides the spectra by their respective spline fits, normalizing the flux unaffected by IGM absorption to unity. We determine the median flux for 15 pixels that have the same relative spacing as the first 15 H I Lyman lines of a pLLS with a redshift equal to the source AGN. If there is a pLLS, the median will be much less than unity. We then step one pixel to the left, recalculate the relative spacing of the first 15 Lyman lines at this redshift and the median flux for this group of 15 pixels. We repeat this process until we reach the end of the spectrum or a pLLS redshift of zero. The script returns a list of redshifts of system candidates to be inspected. When a system is confirmed, we measure the equivalent widths of up to the first 12 Lyman lines and fit them to a curve of growth (CoG) to determine the column density and Doppler parameter of the system. In Paper I, we found a total of 17 LLS and pLLS systems in 8 of the 22 sight lines, and we were sensitive to systems with column density log N HI ≥ 15.5. In this paper, using our new identification method, we confirm the 17 previously identified systems plus 13 unidentified systems above the sensitivity limit log N HI ∼ 15.5 in the same 22 sight lines from Paper I. Figure 3 shows examples of pLLS identification and continuum restoration. The lowest column density measurement derived from CoG fitting in this paper is log N HI ∼ 13.4.
We detect 221 systems (7 LLS and 214 pLLS) in 71 of the 159 AGN sight lines, with absorber redshifts 0.24332 ≤ z a ≤ 0.91449. These absorbers are listed in Table 2 together with our measurements of their redshifts, H I column densities, and Doppler parameters. Of the 221 systems, 167 have column densities log N HI ≥ 15.0 whose distribution in column density is shown in Figure 4 . We only correct for these 167 systems in our analysis. Systems with log N HI = 15.5 and log N HI = 15.0 have opacity that depress the flux immediately blueward of the Lyman limit by less than 2% and 0.7% respectively. Owing to the multiple correlated Lyman lines used in this identification technique, our sensitivity is better than the local S/N over most of the spectral coverage. Correcting for the opacity of weaker systems (log N HI < 15.0) would have a negligible effect on our analysis of AGN continuum, changing the EUV slope of our composite spectrum by only 0.006.
5.
Restore flux depressed by pLLS and mask unrecoverable flux. We account for Lyman continuum absorption by measuring the equivalent widths of the first 12 Lyman lines and fitting them with a CoG to estimate the H I column density and Doppler parameter. We use these measurements to correct for the ν −3 opacity shortward of each Lyman edge. We correct only the flux below the Lyman limit. When a spectrum has pLLS absorption with column density log N HI = 15.0 − 15.9, we mask the flux between the Lyman limit (911.753Å) and Lyman-9 (916.429Å) or ∼4.7Å redward in the pLLS rest-frame. For a pLLS with log N HI ≥ 15.9, we mask from the Lyman limit to Lyman-13 (920.963Å) or ∼9.2Å redward. When data blueward of the Lyman limit of LLS or pLLS had S/N < 1 or did not appear continuous with two or more regions of continuum redward of the Lyman limit, we masked the data. We also mask regions of the spectra affected by broad absorption from damped Lyα systems and H 2 Lyman bands after qualitative visual inspection. The amount of masking varies for individual cases. Some spectra have one or two gaps of ≤10Å in the data from observations that were not planned with contiguous wavelength coverage over the entire COS-FUV spectral range. These gaps are masked prior to our continuum analysis.
6. Shift to rest-frame. We shift each spectrum to the rest-frame of the AGN by dividing the wavelength array by (1 + z AGN ).
7. Mask non-AGN features. In every spectrum we exclude Galactic Lyα absorption (1215.67Å) by masking 14Å on both sides of the line center in the observed frame. We exclude geocoronal emission lines of N I λ1200 and O I λ1304 by masking 2Å on both sides of N I and 5Å on both sides of O I. In five spectra we masked the absorption due to the Lyα line of damped Lyα systems.
8. Resample the spectra. As in Paper I and Telfer et al. (2002), we resample the spectra to uniform 0.1Å bins. After resampling, each flux pixel corresponds to a new wavelength bin and is equal to the mean of the flux in the old pixels that overlap the new bin, weighted by the extent of overlap. The error arrays associated with the resampled spectra are determined using a weighting method similar to the flux rebinning. See Equations (2) and (3) in Telfer et al. (2002) for the rebinning formulae.
OVERALL SAMPLE COMPOSITE SPECTRUM
3.1. Composite Construction To construct the overall composite spectrum we start by following the bootstrap method of Telfer et al. (2002) and then adapt the construction technique for our unique dataset. To summarize the bootstrap technique, we start near the central region of the output composite spectrum, between 1050Å and 1150Å, and normalize the spectra that include the entire central region to have an average flux value of 1 within the central region, which we refer to as the "central continuum window." We then include spectra in sorted order toward shorter wavelengths. Lastly, we include the spectra in sorted order toward longer wavelengths. When a spectrum does not cover the central continuum window, we normalize it to the partially formed composite by finding the weighted-mean normalization constant within multiple emission-line-free continuum windows, calculated using Equation (4) of Telfer et al. (2002) . We form two independent composite spectra simultaneously: one of the fine-grained spectra showing the line-blanketing by the Lyα forest and interstellar absorption lines, and another of the spline fits to the individual spectra. The spline fits pass over the narrow absorption lines.
With our unique dataset and spline fits, we adjust the composite construction method in five ways. First, with the identification in Paper I of broad emission lines from highly ionized species below 800Å, we were able to restrict the normalization of the spectra at the highest redshifts to two narrow regions of continuum-like windows at 660-670Å and 715-735Å. This is in contrast to using all of the flux, including that from emission lines below 800Å in the calculation of the normalization constant, as was done in our initial method. Our second adjustment also limits the normalization calculation to regions of continuum, which is our primary interest. We refine and narrow the continuum windows above 800Å to wavelengths 855-880Å, 1090-1105Å, 1140-1155Å, 1280-1290Å, 1315-1325Å, and 1440-1465Å. For our third adjustment we choose the region between 855-880Å as the central continuum window, because it is the largest of the narrowed EUV continuum windows with a large number of contributing spectra. Fourth, we note that the bootstrapping technique can be sensitive to the ordering in which one includes the spectra, especially at the beginning of the process when only a handful of spectra determine the shape of the composite. Therefore, we increase the number of spectra normalized at only the central continuum window from 40 to 70 by decreasing the required overlap with the central continuum window from 100% to 50%. Lastly, because we are interested in characterizing the shape of the underlying continuum as a power law, we follow the approach of Vanden Berk et al. (2001) and combine the spectra as a geometric mean, which preserves power-law slopes. We also provide a median-combined composite, which preserves the relative shape of the emission features.
Below 700Å, the number of AGN spectra contributing to each 0.1Å bin in Figure 2 declines steadily. Several AGN listed in Table 1 do not appear in this figure because their short-wavelength spectra are masked out, owing to LLS absorption, airglow, and pLLS edges. The final overall sample composite spectra (both geometricmean and median) are presented in two panels of Figure 5 , covering rest-frame wavelengths from 475-1785Å. In each panel, we show both the fine-grained data with absorption lines included and the spline-fit continuum composites. In the geometric-mean spectrum, which we regard as the better characterization of the AGN composite, the effects of line-blanketing by the Lyα forest can be seen in the difference between the spline-fit composite and the real data composite. Figure 6 shows the optical depth, τ λ , arising from line-blanketing of the continuum by the Lyα forest at λ < 1150Å. We derive optical depths from the difference in fluxes (red and black) in the geometric mean composite, shown in the top panel of Figure 5 .
To characterize the continuum slope of the composite spectrum, we follow the simple approach of Vanden Berk et al. (2001) . We calculate the slope between continuum regions of maximum separation on either side of the spectral break, which is clearly present in the composite around 1000Å. Because the flux distribution, F λ , flattens at shorter wavelengths, the two power-law fits pass under the observed spectrum and match at the break. To satisfy this condition, we first calculate the slope of a line connecting the minima of the two best continuum regions in log-log space. We then divide the entire spectrum by this line, find the wavelengths of the minima, and calculate the slope of the line that connects the second pair of minima. This results in a line that does not cross the composite. We perform this calculation twice, once in the EUV and again in the FUV. We find a mean EUV spectral index α λ = −0.59 between line-free windows centered at 724.5Å and 859Å, and mean FUV index α λ = −1.17 between 1101Å and 1449Å. These wavelength indices correspond to frequency indices α ν of −1.41 (EUV) and −0.83 (FUV).
Uncertainties
We now discuss sources of random and systematic uncertainty in the composite spectral indices. As in Paper I, we fit two power laws to the spline composite spectrum, with indices α FUV and α EUV , and match them at a break wavelength, which we find to be λ br ≈ 1000Å, consistent with Paper I and accurate to ∼ 50Å. Although this gradual break is apparent in the composite, its presence is less clear in the individual spectra, owing to the limited spectral range of the COS observations and to strong emission lines of O VI λ1035 and Lyβ λ1025 near the break wavelength. Because the sample of AGN in Paper I had no targets between 0.16 < z < 0.45, most rest-frame spectra lay either blueward or redward of the 1000Å break. In our new sample, 55 AGN have redshifts in that range, but we do not distinguish a clear break in individual spectra. With the limited wavelength coverage of COS (G130M, G160M), any single AGN spectrum does not have access to the four continuum windows needed to measure two distinct power laws that straddle the break.
To quantify the uncertainty in the fitting of the composite spectrum, we explore the sources of uncertainty described by Scott et al. (2004) , including the effects of intrinsic variations in the shape of the SEDs, Galactic extinction, and formal statistical fitting errors. As in Paper I, we do not include the effects of intrinsic absorbers or interstellar lines, as these absorption lines are easily removed with our moderate-resolution COS spectra. However, we do consider the effects from the strongest systems in the Lyα forest. The largest source of uncertainty comes from the natural variations in the slope of the contributing spectra. We estimate this uncertainty by selecting 1000 bootstrap samples with replacement from our sample of 159 AGN spectra. The resulting distributions of spectral index in frequency lead to mean values: α EUV = −1.41 ± 0.15 and α FUV = −0.83 ± 0.09 in the EUV and FUV. Figure 7 shows a montage of spectra for individual AGN, illustrating the wide range of spectral slopes and emission-line strengths.
We also investigated the range of uncertainties arising from UV extinction corrections from two quantities: E(B − V ) and R V . We alter the measured E(B − V ) by ±16% (1 σ) as reported by Schlegel et al. (1998) . We deredden the individual spectra with E(B − V ) multiplied by 1.16 or 0.84, compile the spectra into a composite, and fit the continua. Over these ranges, we find that the index α EUV changes by (+0.064, −0.022) while α FUV changes by (+0.046, −0.023). Next, we estimate the sensitivity to deviations from the canonical value R V = 3.1, which Clayton, Cardelli, & Mathis (1988) found to vary from R V = 2.5 to R V = 5.5. We follow Scott et al. (2004) and deredden individual spectra with R V = 2.8 and R V = 4.0 and compiling the spectra into composites. We find that α EUV changes by (+0.041, −0.051) and α FUV by (+0.032, −0.059). We estimate the uncertainties arising from correcting pLLS absorption of strength log N HI ≥ 15.0 by altering the measured column densities by ±1 σ as reported in Table 2 . We find that α EUV changes by (+0.037, −0.010) and α FUV by (+0.011, −0.011). The formal statistical errors for the spectral indices are negligible (< 0.001), owing to the high S/N ratio of our composite spectra. Thus, we do not include them in the final quoted uncertainties. We add the random uncertainties of cosmic variance with the systematic effects of correcting for extinction in quadrature and estimate the total uncertainties to be ±0.15 for α EUV and ±0.09 for α FUV .
As noted earlier, we do not correct for AGN dust, but small amounts could be present, as long as they do not produce a strong turnover in the far-UV fluxes. We can rule out a large amount of intrinsic extinction, if it obeys a selective extinction law, A(λ)/A V , that rises steeply at short (UV) wavelengths. Otherwise, we would see steep curvature in the rest-frame EUV, rather than a power law.
Comparison to Other Composite Spectra
Ultraviolet spectra of AGN have been surveyed by many previous telescopes, including the International Ultraviolet Explorer (O'Brien et al. 1988 ) and the HST Faint Object Spectrograph (Zheng et al. 1997 ). More recent AGN composite spectra were constructed from data taken with HST/FOS+STIS (Telfer et al. 2002) , FUSE (Scott et al. 2004) , and HST/COS (Shull et al. 2012 and this paper). Figure 8 compares the HST/COS composites with previous studies with HST/FOS+STIS and FUSE. Our current COS survey finds essentially the same EUV spectral index, α ν = −1.41 ± 0.15, as found in Paper I, α ν = −1.41 ± 0.22, but with better statistics and coverage to shorter wavelengths (below 500Å). This consistency is reassuring, as our current composite includes 159 AGN spectra, compared with 22 AGN in the initial COS study (Paper I). The HST/COS EUV index, α ν ≈ −1.4 is slightly harder than the HST/FOS+STIS value, α ν = −1.57±0.17, found by Telfer et al. (2002) for 39 radio-quiet AGN. However, both HST surveys found indices steeper than the FUSE slope, α ν = −0.56 +0.38 −0.28 (Scott et al. 2004 ), a puzzling discrepancy that we now investigate.
The differences between continuum slopes found in FUSE and COS composite spectra are likely to arise from four general factors: (1) continuum placement beneath prominent EUV emission lines; (2) line blanketing by the Lyα forest and stronger (pLLS) absorbers; (3) continuum windows that span an intrinsically curved AGN spectrum; and (4) possible correlation of slope and AGN luminosity. High-S/N spectra at the moderate resolution of COS (G130M/G160M) are critical for identifying the underlying continuum near the strong EUV emission lines of O III, O IV, and O V and the Ne VIII doublet (λλ770, 780). The COS spectral resolution also allows us to fit over the narrow H I absorbers in the Lyα forest (factor 2) and restore the continuum absorbed by the stronger systems (LLS and pLLS). Factor 3 is a more subtle effect, but it may be the most important. The COS wavelength coverage (1135-1795Å) is broader than that of FUSE (912-1189Å), and it provides line-free continuum windows above and below 1100Å, spanning an intrinsically curved SED. This allows us to construct a two-component spectrum with indices α ν = −1.41 ± 0.15 in the EUV (500-1000Å) and α ν = −0.83 ± 0.09 in the FUV (1200-2000Å) with a break at λ br ≈ 1000 ± 25Å. Many of the COS sight lines observe higher-redshift AGN that sample different regions of the SED than those of FUSE. Shortward of 912Å, we place the continuum below a number of prominent emission lines, using nearly line-free continuum windows at 665 ± 5Å, 725 ± 10Å, and 870 ± 10Å. Factor 4 refers to possible selection effects of AGN luminosity with redshift. Previous samples used targets at a variety of redshifts and luminosities, observed with different spectral resolution, FUV throughput, and instruments. All of the UV composite spectra (HST and FUSE) are based on the available UV-bright targets (Type-1 Seyferts and QSOs) studied with IUE and the Galaxy Evolution Explorer (GALEX). Most of these AGN were chosen as background sources for studies of IGM, CGM, and Galactic halo gas. Although these targets are not a complete, flux-limited sample of the AGN luminosity function (e.g., Barger & Cowie 2010), they probably are representative of UV-bright QSOs, at least at redshifts z < 0.4. Figure 9 compares the average AGN redshift per wavelength bin for the COS and FUSE surveys, overlaid on the line-free continuum windows. Evidently, the COS targets are at systematically higher redshift, and their wavelength coverage is broader than that of FUSE. The average AGN luminosity also differs, longward and shortward of the break. At λ ≈ 800Å, the COS and FUSE composites are both probing similar luminosities. As shown in the top panel of Figure 9 , the two spectral slopes are fairly similar between 650-1000Å, and the only difference comes from the sudden decline in FUSE fluxes between 1090-1140Å. Lacking the longerwavelength continuum windows, the FUSE spectra were unable to fit the break in spectral slope at longer wavelengths. Figure 10 shows the distributions of spectral index α λ and the effects of the available continuum windows falling longward or shortward of the 1000Å break. The two-power-law fits possible with COS data allow us to measure the spectral curvature and distinguish between FUV and EUV slopes. This was not done with the FUSE composite fits.
In summary, we believe the HST/COS composite spectra are superior owing to their higher spectral resolution (G130M and G160M gratings) allowing us to resolve and mask out the Lyα forest and restore the continuum from stronger (LLS and pLLS) absorbers. The higher S/N of the COS spectra allow us to identify and resolve prominent UV/EUV emission lines and fit a more accurate underlying continuum. As shown in Figures 2 and 7 , the COS composite still contains fewer than 10 AGN at z > 1 that probe the rest-frame continuum at λ < 600Å. These numbers are larger than in the earlier surveys, but the small sample means that the composite spectrum remains uncertain at the shortest wavelengths.
3.4. Trends with Redshift, AGN Type, and Luminosity As in Paper I, we explore trends within the HST/COS AGN sample by constructing composite spectra based on various parameters and subsamples. Figure 11 shows the distributions of index α λ in redshift, AGN activity type, Galactic foreground reddening, and monochromatic (1100Å) luminosity. In each panel, two horizontal lines denote the sample-mean values: α λ = −0.59 for the rest-frame EUV (500-1000Å) band and α λ = −1.17 for the rest-frame FUV (1200-2000Å) band. The spectral indices extend over a wide range of AGN luminosities and activity types, with no obvious trend or correlation. Galactic reddening does not appear to produce any difference in the index. There may be subtle trends in the distribution of α λ with redshift, because we are observing the rest-frame flux from an intrinsically curved spectral energy distribution (SED). At low redshift (z < 0.25) there are many AGN with steep slopes, α λ < −1.5, indicating hard UV spectra. However, only seven AGN have spectra with α λ < −1.5. At higher redshift (z > 0.5) there are few AGN with slopes α λ < −1.5, and the survey contains few AGN at the most extreme redshifts (z > 1). Many more have soft spectra with slopes α λ > −0.5. ) with a goal of comparing to UV and EUV spectra. The observed far-UV spectral turnover at λ < 1000Å limits the maximal disk temperature to T max ≈ 50, 000 K. Model atmospheres computed with the TLUSTY code (Hubeny et al. 2001 ) and including winds driven from inner regions of the disk predict a spectral break near 1000Å, arising from the Lyman edge (912Å) and wind-truncation of the hot inner part of the disk (Laor & Davis 2014) . In a standard multi-temperature accretion-disk models with blackbody spectra in annular rings (Pringle 1981 ) the radial temperature distribution scales as T (r) ∝ (M BHṀ /r 3 ) 1/4 . In their models of wind-ejecting disks, Slone & Netzer (2012) suggest that the spectral shape is governed by the radial profile oḟ M (r), and the radius r 1/2 where half the disk mass has been ejected. Their observational predictions are based on the removal of hot accreting gas from the inner regions of the AD and accompanying removal of energy from the UV-emitting portions of the SED. A large mass accretion rate throughout the AD produces higher luminosities and shifts the SED to shorter (UV) wavelengths. The closer r 1/2 comes to the innermost stable circular orbit, r ISCO , the more FUV and EUV radiation will be emitted. Slone & Netzer (2012) used the sensitivity of the EUV spectral index, α 456−912 between 456-912Å, to constrain accretion properties outside R ISCO , the radius of the innermost stable circular orbit around a black hole (see their Figure 7 ). Their model is governed by mass accretion rates,Ṁ in andṀ out , at the inner and outer disk radii of the disk, relative to the Eddington accretion ratė M edd and luminosity L/L edd relative to the Eddington luminosity, L edd . From the observed EUV spectral index, α 456−912 ≈ −1.4, we constrain the mean AGN accretion rate and luminosity to valuesṀ in /Ṁ edd < 0.1 and L/L edd < 0.2. We caution that these inferences are subject to the validity of accretion-disk model atmospheres, including effects of external irradiation, uncertainty in where energy is being deposited, and the role of magnetic field energy dissipation. In addition, disk photospheres may differ from those of hot stars, with spatially variable τ = 1 surfaces. Laor & Davis (2014) explore similar disk-truncation models, solving for the radial structure of a disk with mass loss. They find that the wind mass loss rate,Ṁ wind , becomes comparable to the total accretion rateṀ at radii a few tens of gravitational radii, (GM/c 2 ). Linedriven winds set a cap of T max < 10 5 K on their disks, which in most cases are truncated well outside the ISCO radius. These models are consistent with the observed SED turnover at λ < 1000Å that is weakly dependent on luminosity L and black-hole mass M BH . Their models of line-driven winds also cap AD effective temperatures, T eff < 10 5 K. The UV spectral turnover is produced by both an H I Lyman edge and the limit on disk temperature.
Standard models of accretion disk atmospheres are predicted to exhibit H I and He I continuum edges at 912Å and 504Å, respectively. This issue and the EUV (soft X-ray) spectra of accretion disks have been discussed by many authors (e.g., Kolykhalov & Sunyaev 1984; Koratkar & Blaes 1999; Done et al. 2012) . The absence of any continuum absorption at 912Å in the composite spectrum was noted in Paper I, where we set an optical depth limit of τ HI < 0.03. From the 159-AGN composite (see Figures 5 and 8) our limit is now τ HI < 0.01 derived from the flux around 914.5Å and 910.5Å. The limit for the He I edge at 504Å is less certain because of the difficulty in fitting the local continuum under neighboring broad EUV emission lines. However, from the general continuum shape between 480-520Å, we can limit the He I continuum optical depth to τ HeI < 0.1. Additional COS/G140L data now being acquired toward 11 AGN at redshifts 1.5 ≤ z ≤ 2.2 probe the rest-frame c ontinua at λ < 400Å with good spectral coverage at the 504Å edge. We continue to see no He I continuum edge.
DISCUSSION AND CONCLUSIONS
We now summarize the results and implications of our HST/COS survey of AGN spectral distributions in the AGN rest-frame FUV and EUV. Using spectra of 159 AGN taken with HST/COS G130M and G160M gratings, we constructed a 2-component composite spectrum n the EUV (500-1000Å) and FUV (1200-2000Å). These two spectral fits match at a break wavelength λ br ≈ 1000Å, below which the SED steepens to F ν ∝ ν −1.41 . The EUV index is the same as found in Paper I, but with smaller error bars. It is slightly harder than the index, α ν = −1.57 ± 0.17, found from the HST/FOS+STIS survey (Telfer et al. 2002) for radio-quiet AGN, but much softer than the index, α ν = −0.56 +0.38 −0.28 , from the FUSE survey (Scott et al. 2004 ). These composite spectra are based on small numbers of AGN with redshifts (z ≥ 1) sufficient to probe below 600Å. However, the HST/COS survey provides a superior measure of the true underlying continuum. Our G130M/G160M data have sufficient spectral resolution and signal to noise to mask out narrow lines from the Lyα forest and restore the continuum from stronger (LLS and pLLS) absorbers. We also fit the continuum below the prominent broad EUV emission lines using nearly line-free continuum windows at 665 ± 5Å, 725 ± 10Å, and 870 ± 10Å.
Our primary conclusions are as follows:
1. The HST/COS composite spectrum follows a flux distribution with F ν ∝ ν −0.83±0.09 for AGN rest-frame wavelengths 1200-2000Å and F ν ∝ ν −1.41±0.15 for 500-1000Å. This EUV spectral index is slightly harder than that used in recent simulations (Haardt & Madau 2012) of IGM photoionization and photoelectric heating.
2. Individual spectra of the 159 AGN surveyed exhibit a wide range of spectral indices in the EUV, with typical values between −2 ≤ α ν ≤ 0. These indices are local slopes and not characteristic of the spectral energy distribution over the full UV/EUV band, 3. The composite SED exhibits a turnover at λ < 1000Å, characteristic of accretion disk models in which the maximum temperature T max < 10 5 K and the inner disk is truncated by line-driven winds.
4. We see no continuum edges of H I (912Å) or He I (504Å), with optical depth limits τ HI < 0.01 and τ HeI < 0.1. The absence of these edges suggests that accretion disk atmospheres differ from those of hot stars, because of external irradiation or inverted temperature structures arising from magnetic energy dissipation.
5. We find no obvious correlations of the EUV spectral index with interstellar reddening, AGN type, redshift, or luminosity (λL λ at 1100Å). Such trends are difficult to pick out, because the observable HST/COS (G130M/G160M) wavelength band (1135-1795Å) covers different portions of the SED over the AGN redshifts 0.001 < z < 1.476) in our sample. The quoted indices, α λ are local slopes that fall either in the FUV or EUV depending on AGN redshift.
6. The mean EUV slopes, compared to models of wind-truncated thin accretion disks, constrain the mean accretion rate in the inner disk and the AGN luminosity to valuesṀ in /Ṁ edd < 0.1 and L/L edd < 0.2 relative to their Eddington rates.
The order-of-magnitude improvement in sensitivity offered by COS over previous spectrographs has greatly increased the number of targets available for moderateresolution UV spectroscopy. Some of these spectra have S/N below the threshold chosen for this survey, and many are low-resolution (G140L) rather than G130M/G160M used here. Nevertheless, some of these archival spectra will provide EUV coverage down to 500Å (with ∼40 AGN) and to 912Å (with ∼100 AGN). Additional data at AGN rest wavelengths 400-500Å would be helpful in fitting the SED deeper into the EUV, where fewer than ten AGN sight lines have been probed to date with COS/G130M. Currently, our composite spectrum includes 10 AGN that contribute at λ ≤ 600Å but only two AGN at λ < 500Å. As noted in Paper I, one can explore even shorter rest-frame wavelengths (304-500Å) using the sample of "He II quasars" (Worseck et al. 2011; Syphers et al. 2011; Shull et al. 2010 ) that probe the He II epoch of reionization at z ≈ 2.5 − 3.5. In Hubble Cycle 21, we are observing 11 new AGN targets at z = 1.45 to z = 2.13, using the lower-resolution (G140L) grating. The first ten of these spectra have now been acquired. After reduction, they should improve the accuracy of the composite spectrum down to 400Å and provide more sight lines that cover the He I 504Å continuum edge. Our intent is to create a composite AGN spectrum between 350Å and 1800Å, using HST/COS archival spectra of AGN with a variety of types and luminosities.
We thank the COS/GTO team for help on the calibration and verification of COS data. We acknowledge helpful discussions with Shane Davis, Ari Laor, and Jim Pringle on accretion disk models and thank the referee for helpful comments that encouraged us to explore the differences between COS and FUSE composite spectra. This research was supported by NASA grants NNX08-AC14G and NAS5-98043 and the Astrophysical Theory Program (NNX07-AG77G from NASA) at the University of Colorado Boulder. JMS thanks the Institute of Astronomy, Cambridge University, for their stimulating scientific atmosphere and support through the Sackler Visitor Program. Figure 5 ) between spline-fit continuum and line-blanketed data, and binned by 20 pixels of 0.1Å width. Red overplot shows optical depth, smoothed over 1000 pixels. and HST/COS wavelength coverage spanning an intrinsically curved AGN spectrum. Access to line-free continuum windows above and below 1100Å (red bars along bottom) allows us to fit different FUV and EUV continuum slopes with a break at λ br ≈ 1000 ± 25Å. -670Å, 720-730Å, 855-880Å, 1090 -670Å, 720-730Å, 855-880Å, -1105Å, 1140 -670Å, 720-730Å, 855-880Å, -1155Å, 1280 -670Å, 720-730Å, 855-880Å, -1290Å, 1315 -670Å, 720-730Å, 855-880Å, -1325Å, and 1440 . Aligned composite spectra of COS and FUSE, normalized to 1 at 860Å. Spectra agree at short wavelengths (λ ≤ 1000Å) but the FUSE fluxes show a sudden drop-off longward of 1100Å in continuum windows at 1100Å and 1145Å. (Middle). Average AGN luminosity per wavelength bin. We plot the geometric mean luminosity, λL λ , at 1000Å. (Bottom). Average redshift of AGN per wavelength bin. The FUSE survey samples AGN at lower redshift than COS, with AGN luminosities comparable at λ < 800Å, but much lower at λ > 900Å. Red histogram shows spectra using two continuum windows redward of the 1000Å break; blue histogram shows spectra using two continuum windows blueward of the break. a Our 159 AGN targets, types, redshifts, fluxes, spectral indices, luminosities, and S/N ratios. All fluxes in units of 10 −14 erg cm −2 s −1Å−1 . Rest-frame, dereddened spectral distributions are fitted to power laws, F λ = F 0 (λ/1100Å) α λ . Wavelength index α λ corresponds to frequency index αν = −[2 + α λ ]. The eight columns show: (1) AGN target; (2) AGN type; (3) AGN redshift; (4) Fitted spectral index, α λ , with statistical errors; (5) Rest-frame flux normalization F 0 at 1100Å; (6) Observed flux F λ at 1300Å; (7) Band luminosity, λL λ at 1100Å (in erg s −1 ); (8) signal-to-noise at 1250Å and 1550Å for data with G130M (1132-1460Å) and G160M (1394-1798Å) gratings, respectively. Flux at 1300Å for SBS 1108+560 (noted with * ) is low, owing to LyC absorption (λ < 1334Å) from a LLS at z = 0.46335. Finn et al. (2014) fitted a harder spectral index, α λ = −0.64, for J0209-0438 at z = 1.131, using additional COS/G230L spectra extending to longer wavelengths. 
